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Summary  This  paper  presents  the  analysis  of  China  ﬁnancial  market  and  method  of  hedg-
ing optimization  for  compute  expected  shortfall  risk  based  on  attitude  towards  risk  under  the
Black—Scholes  model.  The  application  demonstrates  an  example  of  the  efﬁcient  hedging  strat-
egy for  call  option  in  the  Black—Scholes  model  based  on  geometric  Brownian  motion  with  loss
function. The  data  of  illustrations  which  applies  in  China  ﬁnancial  market.  The  resulting  efﬁ-KEYWORDS
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cient hedges  allow  the  investor  to  interpolate  in  a  systematic  way  extreme  of  partial  hedging
(between  no  hedge  and  full  hedge)  that  depend  on  the  accepted  level  of  shortfall  risk.
© 2015  Published  by  Elsevier  GmbH.  This  is  an  open  access  article  under  the  CC  BY-NC-ND  license
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
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iIntroduction
This  paper  is  going  to  describe  the  general  invest  environ-
ment  of  China  ﬁnancial  market.  Consider  risk  management
has  become  progressively  more  important  for  corporations.
It  will  use  the  risk  measure  analysing  a  call  option  to
demonstrate  how  active  trading  in  China  ﬁnancial  mar-
ket.  Furthermore,  in  particular  calculate  the  cases  of  lower
partial  moments,  linear  and  risk-taking  that  considers  the
attitude  towards  risk,  the  result  presents  the  efﬁcient  hedge
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(http://creativecommons.org/licenses/by-nc-nd/4.0/).or  call  option  in  Black—Scholes  model.  The  objective  of
his  paper  is  risk  measure  analysis  which  for  Value  at  Risk
VaR)  and  distinguish  between  VaR  and  expected  shortfall
ES)  in  China  ﬁnancial  market  and  analyse  partial  hedge  of
stimate  the  expected  shortfall  risk  in  the  Black—Scholes
odel.  Risk  measure  and  hedging  which  are  two  concepts
nvestor  used  and  considered  every  daily  life.  But  how  much
hould  be  hedged  0—50—100%  (no  hedge—partial  hedge—full
edge)?  Depends  on  exposure  and  risk  attitude  towards.
isk  attitude  is  a  complex  area,  it  can  measure  in  vari-
ty  ways,  though  not  perfect  and  entirely  accurate,  but
t  is  progressing.  The  paper  is  interested  in  the  approach
f  partial  hedge  of  estimate  risk  measure’s  ES  risk  in
he  Black—Scholes  model  based  on  different  risk  attitude
owards.
ticle under the CC BY-NC-ND license
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Table  1  Chinese  stock  market  statistics  in  2014.
Q1  Q2  Q3  Q4
Total  funds  raised  (100  million  yuan)  1344  1221  1262  3232
Turnover of  trading  (100  million  yuan)  121,903  94,691  190,646  335,146
Quarter-end  volume  of  stock  issued  (100  million  shares)  34,224  35,483  36,239  36,795
Quarter-end  market  capitalization  (100  million  yuan)  236,625  244,129  239,548  372,547
Quarter-end  numbers  of  companies  listed  2537  2540  2569  2613
Quarter-end  close  index
Shanghai  stock  exchange  composite  index  (December  19,  1990  =  100) 2033  2048  2364  3235
Shenzhen stock  exchange  component  index  (July  20,  1994  =  1000) 7190  7343  8080  11,015
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nalysis  of  China  ﬁnancial  market
s  the  fastest  growing  and  one  of  the  largest  economies  of
he  world,  China  has  witnessed  a  magical  transformation
rom  a  stagnant  command  economy  to  a  dynamic  market
conomy.  In  this  section  is  presents  the  overview  of  China
nancial  market  and  risk  measure  analysis  in  China  ﬁnancial
arket.
verview  of  China  ﬁnancial  market
he  Chinese  stock  market  has  promoted  the  reform  of  state-
wned  enterprises  and  the  change  of  their  systems,  and
nabled  a  stable  transition  between  the  two  systems.  On  the
trength  of  the  stock  market  in  the  past  decade,  many  large
tate-owned  enterprises  have  realized  system  change.  The
hange  also  has  stimulated  medium  and  small-sized  state-
wned  enterprises  to  adopt  the  shareholding  system,  thus
olving  the  most  important  issue  —  the  system  problem  —
uring  the  transition  from  planned  to  a  market  economy.  As
or  ordinary  citizens,  bank  deposit  is  not  the  only  way  to
ut  their  money.  The  stock  market  has  become  one  of  the
ost  important  channels  for  investment.  Following  Table  1
resents  the  Chinese  stock  market  statistics  in  2014.
Methods  of  stock  trading  are  constantly  being  improved.
oday,  a  network  system  for  securities  exchange  and  account
ettlement  has  been  formed,  with  the  Shanghai  and  Shen-
hen  exchanges  as  the  powerhouse,  radiating  to  all  parts  of
he  country  (see  china.org.cn).
China  has  three  stock  exchanges,  two  of  them  (Shang-
ai  stock  exchange,  Shenzhen  stock  exchange)  are  located
n  mainland  of  China,  one  is  located  in  Hong  Kong.  Also
here  are  four  futures  exchanges  in  mainland  of  China.
hengzhou  Commodity  Exchange  (ZCE)  which  established
n  1993.  Dalian  Commodity  Exchange  (DCE)  which  estab-
ished  in  February  1993.  Shanghai  Futures  Exchange  (SHFE)
t
a
d
d
Table  2  Chinese  futures  market  statistics  in  2014.
Q1  
Transaction  volume  (10  thousand  lots)  49,192  
Turnover of  trading  (100  million  yuan)  573,161  
Quarter-end  position  (10  thousand  lots)  803  
Source:  a.hich  established  in  1999.  China  Financial  Futures  Exchange
CFFEX)  which  established  in  Shanghai  in  September  2006.
here  are  two  futures  exchanges  in  Hong  Kong  which  are
ong  Kong  Exchanges  and  Clearing  (HKEx)  and  Hong  Kong
ercantile  Exchange  (HKMEx).  Following  Table  2  presents
he  Chinese  futures  market  statistics  in  2014.
utlook  of  China  options  market
hina  launched  simulated  trading  in  stock  index  option  on
th  November  2013,  as  regulators  move  to  enhance  risk
edging  options  to  support  further  ﬁnancial  reforms.  The
rst  stock  options  launched  on  the  Shanghai  Stock  Exchange
n  2014,  offering  investors  a  new  hedging  tool  for  trading
ndex  heavyweights,  which  regulators  long  have  hoped  to
oost.  The  options  are  based  on  the  exchange-trade  fund
ETF)  that  tracks  the  SSE50  index,  composed  of  the  50  most
eavily  weighted  stocks  on  the  bourse.  Regulators  are  essen-
ially  guiding  investors  into  blue  chips,  which  most  retail
nvestors  have  avoided  in  favour  of  smaller  ﬁrms,  whose
aluations  have  been  pushed  up.
isk  measure  analysis  in  China  ﬁnancial  market
eneral  there  are  two  basic  but  often  use  measures  of  risk
hat  are  VaR  and  ES.  To  comparison  them,  a  measure  that
an  produce  better  incentives  for  traders  than  VaR  is  ES.  This
s  also  sometimes  referred  to  as  conditional  VaR,  conditional
ail  expectation,  or  expected  tail  loss.
ES  has  better  properties  than  VaR  in  that  it  encourages
iversiﬁcation.  In  spite  of  its  weaknesses,  VaR  has  become
he  most  popular  measure  of  risk  among  both  regulators
nd  risk  managers.  Because  the  disadvantage  of  ES  are  it
oes  not  have  the  simplicity  of  VaR  and  as  a  result  is  more
ifﬁcult  to  understand,  and  it  is  more  difﬁcult  to  back-test
Q2  Q3  Q4
55,102  65,011  81,280
583,577  674,833  1,088,312
986  1004  910
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Table  3  Normal  distribution  value  at  risk,  historical  value  at  risk  and  expected  shortfall.
Normal  distribution  value  at  risk
Mean  return  0.004608
Standard deviation  of  returns  0.018692278
Value at  Risk  (%)
Bottom  5% −0.019347118
Bottom  10% −0.026138061
Historical  Value  at  Risk  Expected  shortfall
n  29
90%  conﬁdence −0.02556
Bottom 10%  4th  return
Bottom  3rd  return  −0.012600229
Bottom  2nd  return  −0.016203704
Bottom  2.9th  return  0.016227568  (10%  Value  at  Risk)
Bottom 5%  1.45th  return
95%  conﬁdence −0.03204Bottom 2nd  return  −0.016203704Bottom  1st  return  −0.047869185
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εBottom  1.45th  return  −0.033619719  (5%Value  a
a  procedure  for  calculating  ES  than  it  is  to  back-test  a
procedure  for  VaR.
Example  of  risk  measure  comparison  between  VaR  and
ES  in  ﬁnancial  asset  (options)  in  the  China  ﬁnancial  market
(HKEx).  Following  Table  3  illustrates  the  normal  distribution
VaR,  Historical  VaR  and  ES  for  the  PING  AN  (2318.HK)  call
option.
According  to  the  results,  it  is  calculate  the  normal  dis-
tribution  VaR  and  historical  VaR,  and  compare  the  results
of  historical  VaR  and  ES  under  conﬁdence  of  90%  (10%  VaR)
and  95%  (5%  VaR).  The  result  of  5%  VaR  is  −0.019347118,
95%  conﬁdence  ES  is  −0.03204.  The  result  of  10%  VaR  is
−0.026138061,  90%  conﬁdence  ES  is  −0.02556.
Methodology  of  hedging  strategy  under  the
Black—Scholes  model
The  optimal  hedging ˜ ∈    is  min ∈ E[l((1  −  )H)],  s.t.
supp∗ ∈ E  ∗  [H]  ≤ V˜0,  l  is  strictly  convex,  on  {H  >  0}.  Gen-
eral  considering  the  case  of  lower  partial  moments  based
on  the  optimal  hedging  which  the  loss  function  l(x)  =  (xp/P)
for  P  >  1.
Proposition  1.  The  optimal  hedge  consists  in  hedging  the
modiﬁed  claim
pH  =  H  −  cp(∗)1/p−1 ∧  H  (2.1)
where  the  constant  cp is  determined  E  ∗  [pH]  = V˜0.In  the  Black—Scholes  model  with  constant  volatility    >
0  the  underlying  discounted  price  process  is  given  by  a
geometric  Brownian  motion  dXt =  Xt(dWt +  mdt), where
E(Xt)  =  X0 ·  e[(m/)−((1/2)·(m/))2·(T−t)].k)
With  initial  value  X0 =  x0,  where  W  is  a  Wiener  process
nder  P  and  m  is  a  constant.  If  assume  that  m  >  0.  The
nique  equivalent  martingale  measure  P*  is  given  by
dP∗
dP
= ∗ =  exp
(
−m

WT − 12
(
m

)2
T
)
=  const  X−˛T (2.2)
here  it  set  ˛  =  (m/2).
The  process  W*  deﬁned  by  W ∗t =  Wt +  (m/)t, is  a  Brow-
ian  motion  under  P*.
A  European  call  payoff  function  HT =  (XT −  K)+ can  be
edged  perfectly  if  it  provides  the  initial  capital
0 =  E∗[H]  =  x0˚(d+) −  K˚(d−)  (2.3)
here  d±(x0,  K)  =  ((ln  x0 −  ln  K)/
√
T) ±  (1/2)√T,  and  ˚
enotes  the  distribution  function  of  the  standard  normal
istribution.
Suppose  it  use  only  an  initial  capital V˜0 which  is  smaller
han  the  Black—Scholes  price  H0.  Under  this  constraint
o  minimize  the  shortfall  risk  E[l((H  −  VT )+)]  where  l  is
iven  loss  function  satisfying  the  assumptions.  Lower  partial
oments  and  the  linear  case  are  modiﬁed  claims  and  strate-
ies  determined  and  compare  to  the  Black—Scholes  perfect
edging  strategy,  see  Föllmer  and  Leukert  (2000).
roposition  2.  Lower  partial  moments  modiﬁed  claims  and
trategy  for  p  →  ∞.
p(t,  x)  = ∂
∂x
Fp(t,  x)
=  ˚
(
ln  x  −  ln  L

√

+ 1
2

√

)
+ ˛
p  −  1
L˛/(p−1)(L  −  K)
x(˛/(p−1))+1
×  exp
[
1
2
˛
(
˛ +  1
)]2 p  −  1 p  −  1
×  ˚
(
ln  x −  ln  L

√

−  √
(
˛
p  −  1 +
1
2
))
(2.4)
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−  K˚ √ −  T −Figure  1  The  Black—Scholes  c
Let    =  T  −  t,  ˛  =  (m/2).
Hence  the  function  Fp by  following  equation
p(t,  x)  =  x˚(d+(x,  L))  −  K˚(d−(x,  L))  − L
˛/(p−1)(L  −  K)
x˛/(p−1)
×  exp
[
1
2
2
˛
p  −  1
(
˛
p  −  1 +  1
)]
×  ˚
(
d−(x,  L)  − ˛
√

)
(2.5)
p  −  1
The  constant  L  is  modiﬁed  claim  of  option  prices  which
etermined  by  the  equation V˜0 =  Fp(0,  x0).  Let  determine V˜0tion  efﬁcient  hedging  strategy.
qual  1,  which  means  when  t  =  0,  calculate  by  the  following
quation
p(0,  x)  =  x˚
(
ln  x  −  ln  L

√
T
+ 1
2

√
T
)
(
ln  x  −  ln  L 1 √ ) L˛/(p−1)(L  −  K) T 2 x˛/(p−1)
×  exp
[
1
2
2T
˛
p  −  1
(
˛
p  −  1 +  1
)]
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Table  4  Parameters  call  option  under  the  Black—Scholes
model.
V0 H0 K  T  −  t  m  ˛
n
m
p
f
C
T
a
b
t
t
i
n
i
o
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d
t
C
T
A
T
T
a
g
C
R1  4.4  120  0.15  0.1  0.664257626
×  ˚
(
ln  x  −  ln  L

√
T
− 1
2

√
T
)
−
(
˛
√
T
p  −  1
)
= V˜0 =  1 (2.6)
Resulting  of  L  input  calculate  Eq.  (2.5)  for  call  option  with
strike  corresponding  to  the  Black—Scholes,  see  Föllmer  and
Leukert  (2000).
Application  of  efﬁcient  hedging  strategy
Example  of  the  ﬁnancial  asset  (call  option)  for  modiﬁed
claims  and  strategies  determined  the  Black—Scholes  efﬁ-
cient  hedging  strategy  in  China  ﬁnancial  market  (HKEx).
Following  Table  4  presents  the  parameters  of  call  option
TENCENT  (0700.HK)  under  the  Black—Scholes  model.
Hence,  V0 denotes  initial  capital,  H0 denotes  the
Black—Scholes  price,  K  is  strike  price,  X  is  underlying  asset
price.  Following  Fig.  1  presents  the  Black—Scholes  call
option  efﬁcient  hedging  strategy.
It  was  illustrated  the  approach  of  partial  hedge  of  esti-
mate  the  ES  risk  in  the  Black—Scholes  model,  the  efﬁcient
hedges  for  call  option  in  the  geometric  Brownian  motion
with  known  volatility  and  for  the  loss  function  based  on  dif-
ferent  risk  attitude  towards.  Because  risk  proﬁling  is  not
an  exact  science,  risk  attitude  is  a  complex  area,  but  it
can  measure  in  variety  ways,  even  each  of  ways  measure-
ment  has  their  own  advantages  and  disadvantages.  Based
on  Fig.  1 to  summarize  different  attitudes  towards  shortfall
risk  are  reﬂected  in  different  shapes  of  the  modiﬁed  claims
and  of  the  resulting  hedging  strategies  by  following  special
case  when  p  →  ∞  means  risk  free;  when  p  =  1  means  risk
F
T
T23
eutral;  when  p  =  0  means  quantile  hedging;  when  p  =  0.85
eans  risk  seeking;  when  p  =  1.1  means  risk  aversion;  when
 =  2  the  efﬁcient  frontier  means  balancing  cost  and  short-
all  risk.
onclusion
he  paper  describes  the  outlook  and  risk  analysis  (VaR
nd  ES)  in  China  ﬁnancial  market.  Resulting  of  compare
etween  VaR  and  ES  that  risk  measure  can  produce  bet-
er  incentives  for  traders  than  VaR  is  ES.  The  objective  of
his  paper  is  method  of  efﬁcient  hedging  for  call  option
n  the  Black—Scholes  model  based  on  geometric  Brow-
ian  motion.  The  illustration  determined  of  application
s  the  Black—Scholes  efﬁcient  hedging  strategy  in  a  call
ption  data  which  from  China  ﬁnancial  market.  The  result-
ng  of  efﬁcient  hedges  allow  the  investor  to  interpolate
n  a  systematic  way  extremes  of  partial  hedging  which
epend  on  the  accepted  level  of  shortfall  risk  attitude
owards.
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